Reaction of the bridged (dimethylsilanediyl) 
Introduction
The bis(dimethylsilanediyl)dicyclopentadienyl anion [SiMe 2 (C 5 H 4 ) 2 ] 2 − , synthesized from the corresponding dicyclopentadiene reagent [1] , has been successfully used to stabilize Group 4 metal complexes in both high and low oxidation states [2] . This ligand can be coordinated to metal centers as a chelating group to give dicyclopentadienyl ansa-metallocene type derivatives [3] or in a bridging disposition to give monocyclopentadienyl or mixed dicyclopentadienyl type complexes [4] .
The ansa-metallocenes show different reactivity than complexes containing independent cyclopentadienyl rings, and this is of particular interest in reduction reactions [5] or C H bond activation [6] at these ring ligands. The presence of two cyclopentadienyl rings linked by a bridging group substantially modifies the mobility of the cyclopentadienyl ligands which subsequently effects the chemical behavior of the compounds.
We are interested in the properties of these ansaderivatives [5, 6] , and describe herein the synthesis of new chloro-, alkyl-and oxo-alkyl complexes of zirconium and hafnium of the type [M{(SiMe 2 )(h 5 
Results and discussion

Preparati6e results
Reaction of MCl 4 with the lithium reagent [(SiMe 2 )(C 5 H 4 ) 2 Li 2 ] in refluxing toluene gave [M (SiMe 2 )(h 5 -C 5 H 4 ) 2 Cl 2 ] [M=Zr (1), Hf (2)], containing the ansa-(dimethylsilanodiyl)dicyclopentadienyl ligand, isolated as pale-yellow or white microcrystalline solids in high yield.
Compound 1 and its analogous titanium derivative [Ti{(SiMe 2 )(h 5 -C 5 H 4 ) 2 }Cl 2 ] were previously prepared [2a,3a] . Various synthetic routes to prepare analogous compounds have been described [7, 8] . The method described in this paper involves some modifications (see Section 3) to the literature methods in order to get purer final products with improved yields. All of the new isolated compounds are soluble in chlorinated solvents (chloroform, dichloromethane) as well as in aromatic hydrocarbons (benzene, toluene) and slightly soluble in hexane and pentane. They can be stored under nitrogen or argon without decomposition.
Structural characterization
The IR spectra of all of these complexes show the characteristic absorptions between 700 and 600 cm − 1 reported [9] for w as (Si C) and w s (Si C) vibrations and broad signals near 800 cm − 1 for the w(M O M) vibrations in the m-oxo compounds 8 and 9.
The 1 H-and 13 C-NMR spectra for complexes 1-7 in C 6 D 6 show the two pseudotriplets corresponding to an AA%BB% spin system typically observed for the protons of the C 5 H 4 groups and one singlet for the equivalent methyl groups of the SiMe 2 bridging moiety. These observations are as expected for compounds containing identical groups in the other two pseudotetrahedral positions around the metal center. Likewise, the 13 C-NMR data are consistent with this equivalency. In contrast, in compounds 3-7, the resonances due to the bridgehead carbon atoms are displaced to a higher field than those in the corresponding dichloro precursors, compounds 1 and 2. This displacement is more pronounced than that observed in analogous compounds containing unsubstituted rings M(h 5 -C 5 H 5 ) 2 Cl 2 . This behavior seems to be characteristic for ansa-metallocenes of this type [2a,3a] .
The NMR behavior for 8-9 is consistent with that expected for C s symmetric molecules having equivalent cyclopentadienyl rings, but each showing non-equivalent ring protons and carbon atoms. Therefore their 1 H-NMR spectra show four multiplets for the nonequivalent protons of the ring corresponding to an ABCD spin system and two singlets for the protons of the methyl groups bonded to silicon and located in the equatorial plane of symmetry. Similar behavior is observed in the 13 C-NMR spectra, in which five resonances for the ring carbon atoms and two resonances for the methyl groups are observed, data consistent with a chelating dicyclopentadienyl ligand [10] . 
Crystal structure of complex
The crystal structure of 9 was determined by an X-ray diffraction study. An ORTEP view of the molecular structure with the atomic labeling scheme is shown in Fig. 1 . Selected bond angles and distances are given in Table 1 .
The molecular structure of 9 shows a dinuclear compound, containing two 'Zr[(SiMe 2 )(h 5 -C 5 H 4 ) 2 ](CH 2 Ph)' moieties bound by an oxo-bridging ligand.
Each zirconium center exhibits an ansa-metallocene type pseudo-tetrahedral geometry assuming that the ring centroids occupy a single coordination site, comparable to the structures found for ZrCp 2 X 2 [11] . Both benzyl groups are located in trans positions with respect to the Zr O Zr line with the oxygen atom in a symmetric central position and the value of the dihedral angle between the two Bz Zr O planes is 0°, so that only half of the molecule is present in the asymmetric unit of the unit cell. Since the bridge is highly symmetric, the Zr(1) O Zr(1a) angle of 180.0°is disposed in a completely linear fashion. Both Zr O bond distances are equal (1.9434(5) A , ) and shorter than the distance for single Zr O bonds (average value 2.15 -2.20 A , ) [11] . This shortening is indicative of a degree of multiplebonding and is commonly observed in structures of the type [ZrCp 2 X] 2 (m-O) [10, 12, 13] . This is an unusual structural disposition among the [ZrCp 2 X] 2 (m-O) derivatives for which stable compounds exhibiting coplanar X Zr O Zr X and linear Zr O Zr conformations are rare.
Checking in the Cambridge Structural Data Base (using QUEST program) [13] , 21 compounds with the [ZrCp 2 X] 2 (m-O) stoichiometry have been analyzed and the Zr O distances ranged from 1.99 to 1.94 with a mean value of 1.96 A , , while the Zr O Zr angle values ranged from 127.5 to 180.0°, with a mean value of 156.9°, showing no relationship between the two parameters. For most of these structures the Zr O Zr bridge is not linear and the angle differs significantly from the ideal value of 90°that would optimize the p bonding between oxygen pp and the metal LUMO orbitals [12] , ranging from 45 to 75° [10, 12, 13] . Only a few compounds show a completely planar disposition of the X Zr O Zr X system and a Zr O Zr angle of 180°. One example is the bis(tungsten zirconoxycarbene)
[(CO) 5 (6) A , ] and the Zr (centroid) (2.248 and 2.240 A , ) distances are within the expected range [14] . Small differences in the Zr C(ring) and the C C ring distances observed suggest a slight deviation from h 5 coordination in the cyclopentadienyl ligand.
Experimental
All manipulations were performed under argon using Schlenk and high-vacuum line techniques or a VAC model HE 63P or MBraun model 150 GB II glovebox. Solvents were purified by distillation under argon from an appropriate drying agent (phosphorus pentoxide for dichoromethane, sodium-potassium amalgam for hexane, sodium-benzophenone for diethyl ether and THF and sodium for toluene A solution of freshly prepared [(SiMe 2 )(C 5 H 4 ) 2 Li 2 ] (15.4 g, 77 mmol) in THF (150 ml) was slowly added, at − 10°C, to a suspension of 28 g (77.25 mmol) of ZrCl 4 (THF) 2 in toluene (300 ml). The reaction mixture was then warmed to room temperature (r.t.) and stirred for 14 h. The solvent was completely removed in vacuo to give a yellow oil, which was repeatedly washed with cold hexane. After extraction by Soxhlet into Table 1 Bond lengths (A , ) and angles (°) (14) 2.595(6) Zr(1) C (13) 2.598(5) Si (1) C(42) 1.841(7) Si(1) C (41) 1.840(7) Si(1) C (11) 1.864 (6) 1.872(6) Si (1) dichloromethane (250 ml) a clear yellow solution was obtained. This solution was concentrated to 75 ml and cooled at 0°C to give a pale yellow solid. Recrystallization from toluene-hexane gave a yellow crystalline solid characterized as 1 (13 4 g, 2.86 mmol) at − 78°C. The reaction mixture was warmed to r.t. and stirred for 12 h. The solvent was completely removed in vacuo to give a solid, which was extracted with hexane (100 ml) to obtain a yellow solution. This solution was concentrated to 25 ml and cooled at 0°C to give a pale yellow solid. Recrystallization from toluene-hexane gave a yellow crystalline solid characterized as 5 (0.43 g, 0.8 mmol, 56% yield). Anal. Calc. for C 32 H 40 SiZr: C, 69.30; H, 7.75. Found: C, 69.57; H, 7.43%. THF (100 ml) was added to a mixture of [Zr{(SiMe 2 )(h 5 -C 5 H 4 ) 2 }Cl 2 ] (1) (0.50 g, 1.43 mmol) and Mg(CH 2 Ph) 2 (THF) 2 (0.52 g, 1.44 mmol) at − 78°C. The reaction mixture was warmed to r.t. and stirred for 12 h. The solvent was completely removed in vacuo to give a solid, which was extracted with hexane (100 ml) A suitable sized yellow crystal of compound 9 was obtained by crystallization from toluene-hexane at − 30°C and mounted in a Lindemann capillary on an Enraf-Nonius CAD 4 automatic four-circle diffractometer with bisecting geometry equipped with a graphite monochromated Mo-K a radiation (u= 0.71073 A , ). Crystallographic and experimental details of the crystal structure determination are summarized in Table 2 . Data were collected at r.t. Intensities were corrected for Lorentz and polarization effects in the usual manner. No absorption or extinction corrections were made. The structure was solved by direct methods (SHELXL-90) [17] and refined by least-squares against F 2 (SHELXL-93) [18] . All non-hydrogen atoms were refined anisotropically, and the hydrogen atoms were introto obtain a yellow solution. This solution was concentrated to 25 ml and cooled at 0°C to give a pale yellow solid. Recrystallization from toluene -hexane gave a yellow crystalline solid characterized as 7 (0.30 g, 0.65 mmol, 45% yield). Anal. Calc. for C 26 H 28 SiZr: C, 67.93; H, 6.10. Found: C, 67.50; H, 6.15%. 43 mmol) in toluene (75 ml). The reaction mixture was stirred with a stoichiometric amount of water (0.015 ml, 0.72 mmol) for 2 h at low temperature and then for 12 h at r.t. with formation of a white precipitate. The solution was filtered through Celite and the solvents were completely duced from geometrical calculations and refined using a riding model with fixed thermal parameters. Calculations were carried out on an ALPHA AXP (Digital) workstation.
Supplementary material
Crystallographic data, including tables of hydrogen atom coordinates and isotropic thermal parameters, anisotropic thermal parameters for the non-hydrogen atoms and a complete list of bond distances and angles, for compound 9 have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication no. CSD-116494. Ordering information is given on any current masthead page.
